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This application is a continuation in part of
applications filed by me July 28, 1938, Serial No.
221,793, now abandoned, and February 17, 1940,
Serial Mc. 319,517, now abandoned.

In the production of enamsel ware, that is to
say metal (typically shest steel) coated with
vitreous enamel fused upon its surface, an im-
perfection is likely to oceur that is known as hair-
lining or tearing. In the finished article dark
lines are apit to =zppear, lines where there has
been a break in the continuity of the coating
material, with the effect that underlying mate-
rigl shows through. This is of imporiance, par-
ticularly in white or light-colored enamel ware.

I nave made considerable investigation and
have perceived the causes of the defect, and my
invention lies in the discovery of preventive
means.

In typical procedure the article of sheet steel
i3 coated first with a ground coat and fired, and
then the ground-coated article is coated with a
slip or sprayed-on coating of fluid enamel. This
fAuid enamel is a dispersion in liguid (ordinarily
water) of very fine ground vitreous material, to-
gether with (I speak of white enamel) an opaci-
fying material, typically tin oxide. Additionally,
about 7% of clay is used as a suspending agent in
preparing the slip.

Procedurs consists first in coating the article
with the slip, then drying, leaving the coating in
hard and caked condition upon the surface, and
finally firing. In the fring the vitreous mate-
rial fuses, and in fused condition becomes per-
manently adherent to the surface.

in the drying of the spread slip and in the
handiing and in the initial stages of firing, some
warping of the stesl body is almost unavoidable,
and in consequence of warping the caked coat-
ing cracks, and the cracks so developed persist
in the flaw that is known as hair-lining,

Fineness of grinding of the frit is desirable,
in that maturing temperature is lowered, superior
surface gloss is attained, and, in the case of
opague enamel, opacity is increased; it has, how-
ever, been found that fineness of grinding tends
to make more pronounced the defect of tearing
or hair-lining, and, accordingly, it has hereto-
fore been found practically necessary to limit
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fineness of grinding to the point at which, if 50
ce. of the milled enamel (=approximately 80-95
grams) be washed through a screen of 200 meshes
to the inch, there will remain on the screen a
residue of 8-12 grams of the enamel.

It also is desirable that the slip spread upon
the surface of the article be, within the limits
in contemplation, of maximum thickness; buf it
has been found that, as thickness increases, the
tendency o tearing increases; so that, in conse-
quence, slip thickness is in practice limited to a
weight of ground frit of about 35 grams to the
sguare foot.

I+ is in the provision of cover-coats in the pro-
duckion of enameled steel articles that the diffi-
culty of hair-lining arises. The frit for such
coats shiould be so compounded as to mature at
2 temperature of 1600° F. or less. An important
ingrecdient of the frits for this purpose is borax.
Borax being present, lowers the temperature at
which the frit matures to form the cover coat.
Tn the course of grinding of the frit components
to produce a mix of the desired degree of fine-
negs, the borax tends to leach out. The finer the
crinding and the higher the temperature of the
material when subject to the grinding operation,
the greater is the leaching effect upon the borax.
The borax so leaching into the mill liquor has
the effect that the frit when fired tends to hair-
line. This tendency is aggravated by increase
in the thickness cf the applied coating, and, of
course, by thermal expansion and contraction
of the article after coating and before firing., If
an enamel is so compounded that the leaching
of the borax is reduced beyond a certain value,
hair-lining dces not occur.

1t is known that the solubility of borax is in-
fivenced by the presence of silica and alumina
(alumina is introduced into the frit composition
in association with silica in the form of feldspar) ;
and if these two constituents, silica and feldspar,
be present in the frit in combined quantity not
substantially exceeding 50% of the whole, and if
borax be present in quantity (as the art knows)
sufficient to bring the maturing temperature to
1500° F. or less, the enamel may be made subject
to my invention.
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My discovery is that if to a frit of the composi-

tion and character indicated a particular sub-.

stance be added, the frit may be ground more
finely and the slip may be applied in a coating
of greater thickness, and yet the defect of hair-
lining will not ensue. The substance added is
2 material of relatively low melting point, typi-
cally sodium nitrite (a compound that melts at
about 520° F.), The sodium nitrite is added in
amount varying from 0.125% to 1% by weight of
the frit, It is intimately mingled with the finely
divided glass, and is preferably, though not nec-
essarily, combined with the glass before the glass
is ground with water to the condition of a slip.
It may, however, be added, dissolved in water, to
the already milled slip. It is itself water-soluble
and in the slip, however it be added, it comes to
dissolved state. When the article has been coated
with material that carries such sodium-nitrite
content and is at the beginning of the firing
operation, the early fusion of the sodium nitrite
effects such an early adhesion of the coating to
the underlying surface that the cleavages produc-
tive of hair lines either do not occur or, having
occurred, do not develop, and the coating is found
to be continuous, and the product free of the
cracks under consideration.

In the firing of coats of enamel that are com-
pounded as usual and lack the meodification in
which my present invention is found, the coating
in the early stages of firing becomes crazed with
a network of fine fissures. These tend to in-
tensify the fissures that endure as hair-lines. In
the firing of a coating of my invention such
crazing in the initial stages of firing does not
occur.

I have found that, if I make such an addition
of sodium nitrite, the grinding of the frit may
be carried farther, and with the recognized ad-
vantages of so doing, and yet without suffering
the countervailing liability of the ename] to tear-
ing or hair-lining. I have found that, with the
aid of the sodium nitrite addition, a frit ground
to a fineness more minute than that defined
above will, when worked to a slip and applied,
still be serviceable and free of the defect of hair
lining; I have found that the frit may be
ground to such degree of fineness that it will
pass substantially in toto through a 200-mesh
screen, and yet tearing or hair-lining will not
develop. I have further found that with the
sodium nitrite addition the slip may be applied
in a coating as thick as 40-70 grams of frit to
the square foot, and yet the fired article will be
free of hair-lining.

Incidentally, in the firing of ground coats upon
articles of steel, the presence of nitrite of sodium
in the ground coat (producing fusion at lower
temperature) tends to give a better union of the
coating to the metal, that is to say, the bonding
effect is improved, in that it permits of wider
deviations from normal practice without detri-
ment.

When an article of steel, upon whose surface
lies a hardened coating of usual composition, is
introduced into the furnace and fired, as the
temperature mounts, air, gaining access through
the porous coating, produces iron oxide at the
metal-coating interface. In the practice of my
invention the fusion at relatively low tempera-
tures of the sodium nitrite content of the coating
has effect in sealing the steel surface from access
of air, and so in diminishing the extent of such
oxidation.

The following are exemplary formulae for frit
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upon which my invention may with success be
practiced: .
Clear enamel

Per cent

Silica 20.15
Titanium oxide . ____________________ 3.70
Soda ash . ______ 6.10
Cryolite R e e 5.55
Dehydrated borax . _____._____ 16.00
Fluorspar - 4.63
Zing oxide o . 3.70
Nitrate of soda, —_______________________ 4.62
Feldspar - 30.43
Whiting 142
Sodium silico-fluoride ——ee— oo 3.70
Total . _____.___ 100.00

Opacified enamel

Per cent

Silica o 18.59
Titanium oxide ________________________ 1.86
Seda ash ______________________________ 4.18
Cryolite 7.06
Dehydrated borax . ___________ 16.02
Fluorspar . __ _______ o _ 11.70
Nitrate of soda —________________________ 6.60
Feldspar . . _________________ ____ 2359
Barium carbonate ______________________ 2.41
Antimony trioxide __.___________________ 7.99
Total —— o . 100.00

In each of these cases, if to the frit nitrite of
sodium be added in the quantity specified, hair-
lining, to which the applied enamel would other-
wise be liable, will not occur.

The modifying material must meet certain
conditions: it must be of low melting point (not
exceeding and preferably lower than 1000° F.):
it must be chemically inert, to this extent, that
at its own melting point it will not react with
the glass, nor with the metal of the article being
coated; and it must have neither disfiguring nor
discoloring effect. To meet these requisites a
wide range of particular materials is available.
So far as I have investigated, no elemental sub-
stance will serve; but there are many compounds
that will serve. For practical purposes metallic
salts are most readily available, and I specify
particularly, in addition to sodium nitrite, potas-
sium sulphocyanide, whose melting point is
about 343° F,, other alkali-metal sulphocyanides,
and alkali-metal salts of low melting point gen-
erally, and stannous chloride, with a melting
point of about 447° F. In all of these cases the
quantity will be within the range specified above
for sodium nitrite (0.125-1.009,).

The invention, developed in the enamel-ware
industry, is of general applicability in the forma-
tion of vitreous coatings upon bodies of various
substances, both metallic (cast iron, for example)
and non-metallic (pottery, for example).

I believe that I am the first to discover the
value of sodium nitrite and the equivalent sub-
stances specified, in the manner and under the
circumstances described and with the effect of
preventing tearing or hair-lining,

I claim as my invention:

A glip for the enameling of a steel article,
formed from a frit that inecludes feldspar and
silica in combined quantity not substantially ex-
ceeding 50% and that includes also a borax, and
of a maturing temperature not exceeding 1600°
F., forfified against tearing by the inclusion of
a.salt of an alkali metal having a melting point
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not exceeding 1000° F., the salt of the alkali metal
employed being a sulpho-cyanide and the quan-
tity being 0.125-1.00%. ‘

JACOB E. ROSENBERG.
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